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Using NASA Satellite and Model
Analysis for Renewable
Energy and Energy Efficiency
Applications
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@/ Talk Organization

« NASA Science Objectives

 From Science to Climate and Energy
Applications

* Developing Successful Applications in
Energy - SSE History

 Current Energy Application Successes
 New Energy and Climate Projects
« Conclusions
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Energy & Climate Change Challenge

Energy demand is rapidly increasing.

IPCC: 90% probability that climate change 2,500

is due to anthropogenic GHG emissions.

Worldwide, industry efforts are underway
and policies are being enacted for
mitigating and adapting to climate change
through reduction of GHG.

US and International scientific and applied
research priorities are being planned to
obtain these goals (CCSP/CCTP, NRC
Decadal Survey, USGEO, GEO)

Energy efficiency/renewable energies
growing 30-50% per year; represent one
solution to face issues.
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Source: Energy Information Administration

Challenge: Apply NASA scientific expertise, models, and satellite-derived
and in-situ measurements in developing applied science data sets for
industry, academia, and policy makers in the arena of climate change.
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@ Researching Science Questions

v ,‘-»’

How is the global Earth system changing?

=S S

What are the primary forcings of the Earth
system?

lllllllllllll

How does the Earth system respond to
natural and human-induced changes?

ooooooooo

LLLLL

What are the consequences of changes in e
the Earth system for human civilization? =

How well can we predict future changes
to the Earth system?
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@ Relevant NASA Science Data Sets

Meteorological Information from GMAO
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@ Relevant NASA Science Data Sets

GEWEX Surface Radiation Budget: 23 years of cloud
(from ISCCP), SW and LW fluxes at TOA and Surface

GEWEX SRB SW v3.0 (ISCCP, GMAO)
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Relevant NASA Science Data Sets

FLASHFIlux: Global TOA and Surface Fluxes within
1 week of observation from Terra and Aqua

FLASHFIlux (CERES/MODIS, GMAO)

BE 111 155 200 244 3IEE

Watts per square meter

Daily Average Solar Irradiance ( Wm-?)
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Relevant NASA Science Data Sets

FLASHFIux: Near-Real Time Energy
Summer 2_QO7minus Summer 2000-20

--------

Cloud Fraction Surface Total Net Energy
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The POWER Project

POWER = Prediction of Worldwide Energy Resource

Objective: Improve the Nation’s public and private

capability for integrating environmental data from
NASA'’s satellite-based analysis and modeling
research into sound management of energy
production and energy efficiency systems.

Goals:

1. Establish partnerships to facilitate the integration
and adaptation of NASA satellite analysis and
modeling data into electric power industry
Decision Support System’s (DSS) and
databases.

2. Target such datasets for Electric Power,
Renewable Energy, Energy-Efficient Building
Design and Biomass Crop Development
Industries

3. Transition operational capabilities to government
and/or private sector entities.
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@ Relevant NASA Science Data Sets

Global Monthly Irradiance for 2000
Average Daily Solar Radiation for 2000 Jan

0 1 2 3 4 g 6 7 8 9 10 11 kV¥h/m2/day
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POWER: Hub for Applications

EARTH SYSTEM MODELS

« Earth System & Climate
Change: GMAO Analysis

(GEOS v4.0, v5.1)

« Atmospheric Analysis
Projects: ISCCP, SRB,
FLASHFlux (CERES,

MODIS), GPCP

EARTH OBSERVATION

« Satellite: GOES, POES,
TRMM, Terra, Aqua, TOMS,
SORCE, Aura, CALIPSO,
CloudSat, Glory, GPM, NPP

* Land: Aeronet, BSRN, ARM,

SURFRAD

*Future Mission

Energy Forecasting
- MiniCAM (PNNL) Renewable Energy &

: Energy Efficiency
» Solar F t
(SOU%.Y %;?I_S) g * RETScreen (NRCan)
’ - HOMER (NREL)

- IEA Task (NREL)
- WMO Buildings
- ASHRAE

Selected Proposals
POWER  Crop-Yield Modeling (RPC)
Prototype Data /v (USDA, U.Neb., U. Ga)

Set Generation « SWERA 2 (Decisions)
(USGS, NREL)

» Energy Load Forecasting
Web Prototypes (Battelle, MSFC)

« SSE

* Sustainable ) @
: . U.S. DEPARTMENT OF \4\@ )
Buildings ENERGY | e

« Agroclimatolo &% NR=L QSDA
g gy < BNR USGS

e

5/28/2008
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@/ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION + Visit NASA.gov

Prediction Surface meteorology and Solar Energy (SSE-release 5) : A renewable energy resource
— web site sponsored by NASA's Science Mission Directorate, Earth-Sun System Division,

Of Applied Sciences Program

World

Ener
- ay Earth Science for Society: Accelerating the realization of economic and societal benefits

P OW E R @ Resource  from Earth science, information, and technology ...

Home SSE - Renewable Energy Parameters Sustainable Bulldings Parameters Agroclimatology Parameters

Web Site

Data Format

.
« SSE - Renewable Energy
« Sustainable Buildings
*

Agroclimatology + SSE-RENEWAELE ENERGY: Satellite-derived data supporting Renewable

o ey vt o
Over 200 primary and derived meteorology and solar energy parameters

Monthly averaged parameters from July 1,1983 through June 30, 1993
Global coverage on a 1° latitude by 1° longitude grid
Color plots on both global and regional scales
Solar energy data for 1195 ground sites
Data for the RETScreen® Renewable Energy Project Analysis Software

Processing, archiving, and distributing
solar insolation and meteorological parameters

« About the POWER Project

« About SSE - Renewable Energy

« About Sustainable Buildings

« About Biomass Fuel- Agroclimatology
*

*

*

°
°
°
°
°
°

Global Geometry/Resolution
Parameter Accuracy/Validation

- , . . -
Mothodoloqy of Satallite + SUSTAINABLE BUILDINGS: Satellite-derived data for the preliminary

| |
http://power.
- - Inferred Parameters A = N
design of buildings and associated renewable-energy power systems.

« Power Publications
I a rc n as a q Ov » Global coverage on a 1° latitude by 1° longitude grid
= i Related Links » Twenty Two year monthly averaged temperatures, wind and solar radiation

from July 1,1983 through June 30, 2005

Daily averaged solar radiation from July 1983 through June 2005
Daily humidity and air temperatures for 1983 and December 2006
Temperature and relatiue humidity on 3-hourly time steps
Psychrometer chart and Global and/or regional plots

+ Science Mission Directorate

« NASA's Applications Program
-

*

Atmospheric Science Data Center
Other Related Sites

Navigation and Help + AGROCLIMATOLOGY: Satellite-derived solar and meteorological data
o supporting agro-technology
¢ Partners - Global coverage on a 1° latitude by 1° longitude grid
. W o Daily total solar radiation from July 1983 through June 2005;
*
*

°
°
°
°

Acknowledgments Please and July, 2006 through current with one month delay
Join POWER Mailing List/ Daily averaged dew point and air temperatures from January 1983 through
Submit Questions December 2006;
+ FAQs Daily averaged precipitation from January 1997 - current with two month
delay

Responsible Official:

% +NASA Privacy Statement, Disclaimer Paul W. Stackhouse, Jr., Ph.D.
Fl RSTGOV + Freedom of Information Act (e-mail: paul.w.stackhouse@nasa.gov)
e Last Updated: Wed May 09 2007 09:42:21
GMT-0400 (EDT)
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NASA SSE Release 6.0

006 Surface meteorology and Solar Energy

° 22 Years - S @ /L‘ # hup://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?p.w.stack v |> 'v Google Q

Getting Started Latest Headlines 5

° N ew pa rame ter S -4 ATMOSPHERIC Surface meteorology and Solar Energy

-4 SCIENCE A renewable energy resource web site (release 6.0)

“ ¥ DATA CENTER sponsored by NASA's Earth Science Enterprise Program
* Updated Solar
p - * over 200 satellite-derived meteorology and solar energy parameters
algorithm

| 1§b * monthly averaged from 22 years of data
* data tables for a particular location
* color plots on both global and regional scales
* global solar energy data for 1195 ground sites

 Improved validation Data Retricval:

« Increased T e

. I Ground Site
a CceSS'b'Il ty Renewable Software HOMER

Application Inputs  spjarSizer

i n CI u di n g Supporting Documentation:

= - - Horizontal Grid for
regions/time series [ o o
. . Accuracy
 Direct connection [ e

to 3 f en ewa bl e Parameters (Units & Definition)

en ergy DSS to OIS Frequently Asked Questions (FA!
Related Web Sites
Join SSE mailing list / Submit Questions

Partners and Performance Responsible Data: Paul W. Stackhouse, Jr., Ph.D.
E Officials Charles H. Whitlock, Ph.D.
Archive: John M. Kusterer

Site Administration/Help: NASA Langley ASDC User
Services (larcfeos.nasa.gov)

[Privacy Policy and Important Notices]
Document generated on Thu May 1 16:11:40 EDT 2008

«»r &=

Done
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'e 06 NASA Surface meteorology and Solar Energy - Choices
QJ' @ /.‘ & http://eosweb.larc.nasa.qgov/cgi-bin/sse/arid.cqi?&step=1&subm v |> '|C|' Google Q : e :
Param . -4 ATMOSPHERIC . @
I - ofl SCIENCE NASA Surface meteorology and Solar Energy - Available Tables
% DATA CENTER
Diurne Parameters for Sizing Battery or other Energy-storage Systems:
Equivalent Number Of NO-SUN Or BLACK Days (days)
— Geometry Inform Lat 37
Lon -77 Jan Feb ‘Mar ’Apr May Jun Jul Aug Sep Oct Nov Dec
1 day 1096 [ 095 [ 095 [ 093 [ 091 [092 [ 095 [ 089 | 092 | 096 | 094 [0.96
3 day | 261 | 238 | 246 | 266 | 247 | 189 | 216 | 239 | 207 | 237 | 246 |244
Ge Meteor 7 day | 508 | 451 | 453 | 395 | 448 | 333 | 353 | 358 | 361 | 443 | 358 |41l
o [14 day | 705 | 604 [ 408 | 531 | 677 | 435 | 398 | 495 | 457 | 539 | 474 [7.12
Optior Pd 21 day | 619 | B35 | 500 | 524 | 735 | 493 | 5102 | 602 | 370 | 740 | 582 |844
Month | 460 | 763 | 360 | 526 | 901 | 367 | 427 | 524 | 417 | 681 | 649 | 6.65
Parameter Definition
Da —
I Parameters for Sizing Meteorology (Temperature):
)
Pa N Monthly Averaged Cooling Degree Days Above 18° C
. Meteor Lat 37 Annual
fl"‘: 11:3;3_777 Lon-77 ‘Jan ‘Fcb ’Mar ‘Apr ’May ’Jun ’Jul Aug ’Scp ’Oct ’Nm ’Dcc Sum
R v 22-year Average 0 0 4 22 86 189 | 257 | 224 | 130 | 34 5 | 952
[22-year Average
[ Parameter Definition
Meteor ) .
. = Lat 37 Meteorology (Wind):
Lon -77 !
,Wr Monthly Averaged Wind Speed At 50 m Above The Surface Of The Earth (m/s)
: Lat 37 ) Annual
. So Maximum r Lon -77 ’Jan Feb ’Mar ’Apr ‘May }Jun Jul ’Aug ‘Scp Oct  Nov ‘Dcc Average
10-year Average 1660 [6.71 [6.67 [6.04 [5.13 [488 [434 [4.17 [480 [538 [627 [6.65 | 5.63
Mont
. ——— |Lat37 Minimum And Maximum Difference From Monthly Averaged Wind Speed At 50 m (%)
(- Lon -77 Lat 37 : Annual
— eteon 22-year Average Lon -77 Jan |Feb ‘Mar ‘Apr May ‘Jun Jul  |Aug  Sep |Oct Nov |Dec Average
. Pa Minimum Minimum (-3 -1 [ <14 <10 [ <13 [ [0 [ <16 [ 8 [-11 [ 8 [ -1 [ -1
L | [Maximum Maximum B8 [ 9 1516 [9 [0 [ |9 [ 10 [ 7| 11
Pa 22-year Average K It is recommended that users of these wind data review . .
. Suppoi Minimum K the SSE Methodology. The user may wish to correct for ;Zgﬁﬂ'gr&gfe‘;ﬁgﬁz‘?gﬁ%’;’u&efg"lﬁzgfﬁzi’;" is
Maximum K fe';‘;zfx as well as local effects within the selected grid usually taken to be near the tops of vegetated canopies.
—] o o '(lﬁe] Parameter Definition Units Conversion Chart
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POWER Sustains Growth of SSE
Prototype and Web Interface

Surface meteorology and Solar Energy (SSE) Web Interface Usage

300000 | | 1.0E+07
L [The thick line represents Release 6 :
280000 -~ accruing web hits in time. Releas. 5] P 8.0 Million
260000 | Release 1 May 1997 R5:- New / Total hits
Release 2 Jun 1999 . ®
240000 —Release 3 Oct 2000 parameters -] 8.0E+06 1
- |[Release 4 Jun 2003 !thn e ’ . . Slnce Rel 2
= 20 FRelease 5 Jan 2005 OMER ol
‘T 200000 |- |Release 6 Apr 2008 ’ I
(@] - Vy @@ ] Q
= 180000 |- R3: 6.0e+06 @
5 1o0000 | RET -
160000 p— o N -]
o = o B = 5.0E+06 _g
$A 140000 ocreen § ©
g 120000 | R2-Small W'ea:es ﬂ - 4.0E+06 E
D . = =
; 100000 - R1 . jUSI 1eSS - 3.0E+06 8
s B partners i . <
60000 |~ DOE - —| 2.0e+06
40000 f \ E
E | \ —| 1.0E+06
20000 |~ Rel 1
g | eease Lol L] Lol L | II Ll Rﬂl Ll Ighelrl.lrl. =ISIQII tlon
‘?997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 E+00
o Time (Year)
Monthly Averages Release 1 Release 2 Release 3 Release 4 Release 5 Growth
Web Site Hits 1,278 12,533 35,000 74,500 121,180 95:1
Data Downloads 59 873 3,000 12,530 20,055 340:1
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POWER Sustains Growth of SSE
Prototype and Web Interface

Unique SSE users

* Web site hosted by 35000
ASDC (no charge)

20000 | SUStained growth due to improved
. . data sets from science research and
» Site responsible for 25000

20000

Users

88% of all data requests new partnerships
* Now over 30,000 15000

unique users
10000
* 116 different countries 5000 I I I I

» Business (72%), 1999 2000 2001 2002 2003 2004 2005 2006 2007
University (12%), Fiscal year

Government/Military

(7%), Private Citizens * Release 6: replaced solar data and Met

(7%), Organization (2%)  data due to upgrades from SRB and
GMAO science; now 22 years
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re O 6 RETScreen International Home Multilingue

<« @ /l‘ @ http:/ /www.retscreen.net/ang/home.php B v B (G~ Google

& Surface meteorology and Solar... €& | @ RETScreen International Home ... &

i+l ﬁ?éﬁé““““’“s 22?53‘;"’” neweles Canadd

Canada Site

RETScreen

www.retscreen.net

Empowering Cleaner Energy Decisions

ST CLEAN ENERGY Project Analysis Tools

Software & Data

Training Course

* Partners since ot ot
2000 o

Help & Contact Us

# Residential, Commercial & Instit
Communities; and Industrial Fac

26 Languages:

* Va ri ety Of R (¥) WNLOAD FREETOOLS )
renewable LATEST NEWS

155098 users in

energy projects s ot st Vs TS i

1,000 new users The Professional Edge Magazine - RETScreen Article
every week

.@ Download RETScreen 4 (26 MB)

RETScreen Software Passes 150.000 User Milestone

161 Universities &
Colleges active

« Sponsored by

Canada o RSN

UNEP GEF

Created: 2005-01-24 Important Notices
Updated: 2008-04-23
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Projects Facilitated by RETScreen

RETSCREEN® INTERNATIONAL www.retscreen.net
Solarwall® on High School in Northern Canada Solar Water Heating at Vancouver International Airport

5/28/2008



®e06 http://www.retscreen.net - RETScreen International
Rerscreen x
Country I China :I
I — 3
Climate data location | Shanghai =
; N I_
. Latitude 314
Five Step Ste = re
C Long'tude E 1215 Source
Elevation I m I 4.0 I Ground
Heating design temperature I °C. | 04 I Ground
Vi , Cooling design temperature *C 332 Ground o
/START) Settings & I - : — : — sitivity &
. o e Earth t at lituce * : .
\massugee Site Condiitions SRS sk Analysis
\ =T s -
T - Air Relative Daily solar Atmospheric  Wind speed Earth Heating Cooling
temperature humidity radiation - pressure temperature  degree-days  degree-days
horizontal !
- % [ s [ kea [ ms T = "C-d PR S
— S
Jan ﬁ 73.0% 261 1025 31 54 406 0
Feb : 70.4% 308 1024 30 6.4 330 0 4
Mar 49.1 751% 354 102.0 33 as 264 0
Enter deta in sheded calls Apr 590 739% 4.45 1015 32 143 a0 150
rab i May 689 746% 5.0 1010 32 189 0 326
frem top te bottom Jun 748 81.5% 464 1006 32 28 0 414
of each worksheet Jul 826 80.0% 515 1004 33 266 0 561 ﬂha-.._
Aug 818 81.3% 4352 1005 35 266 0 549
Sep 759 76.6% 408 1011 34 231 0 432
Oct B6.7 73.8% 347 108 29 164 0 288
Nov 56.3 73.0% 291 1023 30 132 135 105
Dec 460 71.7% 256 1026 29 7.7 316 0 S i O n
porvel | 622 | 7s4% | 3e7 [ o6 | 32 | 161 [ 154 | 2825
_“[j § g Source I Ground I Ground | NASA I NASA I Ground I NASA I Ground l Ground
Climate | rning Course
Data |~ Measuredat | m [ 10 [ o _
rial
— —— TR — = Engineering Textbook
: = Case Studies
| = Marketplace & Maps

@ Minister of Natural Resources Canada 1997-2006. RETScreen® International




RETScreen’s Reliance on POWER Data

software

* Clean energy RETScreen Climate Database
project analysis
 Funded by b7 . i : .

Canada (NRCan)

* Direct query of
SSE data

* 155,100 users

e 222 countries

s

* 1000 new users Il NASA data
every week | B |n Situ data

Points represent world’s cities (~10,000). Red have in situ
*Release 4: 26 pgervations. Blue defer to NASA LaRC data sets (~5,000). Data

languages for locations between points are found through a direct link to SSE.
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RETScreen’s and NASA’s Impact

Worldwide Present Impact Future Impact Future Impact
Performance 1998 — 20041 1998 — 20121 Next 30 Years?
Indicators
User Savings $600 million $7.9 billion ~$200 Billion
Installed Capacity 1,000 MW 24 GW -
Installed Value $1,800 million 41 billion ~$1 Trillion

GHG Reduction 630 kT CO,/yr 20MT CO,/yr -

On the value of NASA’s contribution, Greq Lenq, Directeur RETScreen Project:

NASA would have an impact on every single project......
NASA is highly regarded by our users because of the contribution you have
made to clean energy deployment via the partnership with RETScreen......

Source: "RETScreen International: Results and Impacts 1996-2012;
’Personal Communication from RETScreen Directeur, Greg Leng

Currencies in Canadian dollars: $1 CAD ~ $.72 US, May 12, 2004
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Log On / Register THE OPTIMIZATION MODEL FOR DISTRIBUTED POWER

HOMER is a computer model that simplifies the task of evaluating design options for

About HOMER both off-grid and grid-connected power systems for remote, stand-alone, and
Overview distributed generation (DG) applications. HOMER's optimization and sensitivity
User Interface analysis algorithms allow you to evaluate the economic and technical feasibility of a
Version History large number of technology options and to account for variation in technology costs
User Testimonials and energy resource availability. HOMER models both conventional and renewable
Ask Tom (FAQs) energy technologies:
Power sources: Storage:

« sglar photovoeltalc (PV) « battery bank

Software « wind turbine « hydrogen

Sample Files e run-of-river hydro power

k d id « generator: dlesel, gasecline, blogas, alternative Loads:

Gett'ng Started Guide and custom fuels, cofired » dally profiles with seasonal variation

(PDF Flle, 720 kB) « electric utllity grid « deferrable (water pumpling, refrigeration)

Brochure (English) * microturbine « thermal (space heating, crop drying)

(PDF Flle, 964 kB)  fuel cell « efficlency measures

Brochure (Spanish) ) ) _

(PDF Flle, 1.3 MB) You can now subscribe to the HOMER newsletter. Click here for details
Bibliograph

(PDF Fﬁe, 27 XB) You can download and use HOMER for free. You must be a registered user to
Webcast Materials download the software. When you install HOMER, you automatically receive a free

May 16, 2006 six-month license, which you can renew for free an unlimited number of times. To

register, click Log On / Register on the left navigation and complete the registration

Contact Us form.

Names and Addresses
Send us Email
Renew License

23150 people have
downlocaded HOMER from
150 countries...

Security & Privacy
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HOMER Example Project

Rural Elgctrificaﬁbn
in the Chiloe Islands

T he Chiloe Islands are located off the Pacific Coast of Southern

Chile. Of the more than 40 islands in the group, 32 are too

far from the coast to be connected to the mainland electric
grid and either have no access to electricity, or intermittent access
provided by diesel generators. The islands range in size from 12 to
450 homes, with projected loads ranging from 17 to 1004 kWh/day.
Economic activity on the islands includes farming, animal husbandry,
and fishing. NREL, through a cooperative agreement between the
governments of Chile and the United States, worked with a team of
local and international experts to implement a pilot hybrid power
system on Isla Tac, one of the Chiloe islands. The team conducted
economic, loads, and renewable resource studies and used the
results from those studies as inputs to HOMER.

lan Baring-Gould

The Isla Tac Power system
provides power to the islands’
82 families.

The island of Tac, Region
de los Lagos, Chile

An optimization analysis using
HOMER showed that a wind-diesel
system with battery storage would
most cost-effectively supply the ener-
gy required by the island. HOMER's
sensitivity analysis capability helped
the team assess the impact of fuel
price on the least-cost system design.

The team also used two
other NREL models:
ViPOR to determine elec-
tric distribution mini-grid
costs, and Hybrid2 to
finalize the design of the
hybrid power system.
This work helped lead
to a $40 million multilat-
eral development bank
loan to provide rural
electrification projects,
including replication of
this pilot project, across
the entire Chiloe island
region.




NASA/HOMER (NREL) Partnership

 NREL HOMER Micropower Optimization Model

HOMER is a computer model that simplifies the task of evaluating design
options for both off-grid and grid-connected power systems for remote, stand-
alone, and distributed generation (DG) applications.

Highlighted in CCSP SAP 5.1 as a case study in decision support using
Earth observations

NASA and other Earth observation data sources critical to its success (e.g.,
solar from LaRC; AOD from GSFC GOCART model, MODIS, MISR, TOMS;
Digital land cover from NASA & USGS)

Used extensively around the world for determining the optimal mix of power
technologies for meeting specified load conditions at specified locations

“Best hourly assessment tool for hybrid renewable electric generation
systems in the world - bar none.”

Dr. Jan F. Kreider
Building Systems Program, University of Colorado, January 2008

« HOMER automatically accesses and inputs the POWER SSE data
for the specific location that the model is analyzing.

Collaboration with ROSES-funded SWERA 1l
-
task at USGS EROS data center. i ‘ H D M E R

HE OPTIMIZATION MODEL FO
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@' HOMER’s Reliance on NASA

* Lead Dr. Peter Lilienthal, NREL, notes most 4
users now use NASA'’s solar irradiance data set. "

HOMER

- POWER/SSE is showing increasing HOMER </ Qe ——
related data requests
Total Users 20777 Organization Type Users
“Countries 189 'Academic or research 7687
“Country  Users 'For-profit corporation 3193
“usa T T e074 ‘Government 1441
e ——————————— e —————
S ——— e —————————————
“span 7 ges e ————————

Future: HOMER actively being modified by NREL for
regional distributed power generation Assessment =>
perfectly suited for NASA coarse scale data sets
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PNNL Integrated Assessment Model
Initialization with NASA/POWER Data

PNNL/Joint Global Change Research Center uses NASA
POWER data sets for initiation of MiniCam 50-year energy
market forecasts for policy planning

Direct Solar Irradiance for areas

with 50 or less no-sun days per year
| A= 4 ‘1 =

Forested and Agricultural Areas Exclude

kWh/m*2/day

| T ] |

4 5.5 ' 7 i 8.5 10
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PNNL’s Assessment Results

Reference Case Stabilization of CO, at 550 ppm
1468 _ 2l 1400 | Rzwy ! r 2
1Ry M 4 ppm § wue %4 rpwnt
1200 T
1000
|
B |
‘E - .41/1////////
£ 6009 7
'E- ,,11/////////////55////////
- ///////
4m -
200
U -
21 LW | 700 + 35
Eranral Gas % Matural Gas + OCS
ol % Coal + 205
Figu M Enmass Energy Muciear Ererey
diffe M Non-Biomass Renewable Encrgy End-Lise Encregy
(abc
ther
irrac| 4 Figure 2-4. Reference Scenario and one stabilization case (550 ppm constraint). Stabilization of CO, concentration
irrac in the atmosphere implies fundamental change to the global energy system.
Sour - -
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@/ NASA POWER Contributes to
International Energy Agency Task

006 IEA-SHC || Task 36 - Solar Resource Knowledge Management (@)

L In terna tional <« @ /L‘ @ http:/ /www.iea-shc.org/task36/index.html v | v 2rgy Agency Solar Re @ <

co’labora tion Getting Started  Latest Headlines 3

representing >8 SE'K:

SOLAR HEATING & COOLING PROGRAMME

nations; >15 INTERNATIONAL ENERGY AGENCY
Organizations s New ——
Objectives Task 36 - Solar Resource
* 3 Year Task Knowledge Management

Scope of Project

® NREL Ied Subtasks OVERVIEW Task Information
Task Participants : o - .
® N A SA/ P O WE R I:ls,skw:i:b"::lsalrsi;::ozf::a}ir:v:\:I:::eOf A e Duration

Publications / Outcomes
Management" - a five-year task initiated by IEA July 1, 2005 to June 30,2010

con trib uting exp ertise Related Sites Solar Heating and Cooling Programme

On SOIar r es Our ce IS Ml i aasiny 3:’;:::;19:::0”5"”“.8 National

- " Home Renewable Energy Laboratory
estimation and
validation, user and B

J

interface information, Task News
data sets and research e
(results from GEWEX
SRB and GEWEX e e T s — s
Radiative Flux
Assessment)

Done Vi
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NASA Energy Program
Contributions to GEO

« Core member of GEO energy community of practice

— Applied Sciences-funded activities contribute directly to GEO work plan tasks
ENO06-04, ENO7-01, ENO7-03

— |EA activity, leveraged with ESA partnership, provided first GEO energy early
achievement project “Solar Information for Developing Countries”

— One of principal authors of GEO Energy Strategic Plan, which closely mirrors
Applied Sciences Program plan

— Lead for CEOS Energy SBA activities (GEO-CEQOS remapping activities)
— Energy articles published in GEO summit publication (two with NASA

involvement)
NASA Earth Scisnce productsfor ene sty decisios supy ort
Informing decision making in the T,
. Dwdly Tommi For Jady 4, 3006 Dully .-nvcv_o.posa o iy 4 006
energy sector using NASA spaceborne -
2/ 2 . . .
i [ HE FULL PICTURE & observations and model predictions
Richard S. Eckman and Paul W, Stackhouse, Jr, NASA Langley Research Center
dapting global of b b i ofts ade >s Hlite Cloud Climatology Proje llX,(P)
Ala h d decision fac ation Budget (SRB). Glohal Mo dl

‘making remains a dnllagfanh Global Earth Observation Assimalation Office (GMAQ), Goddard Earth Ohser\ ving
System of Systems (GEOSS). The US National Aeronautics and Space tes ological analyse model, and
Admmu-non (NASA) Applied Sciences hop-m (th onwun) FLASHFlux project p-midmg
seeks ive nses for NASA-derived ux.

vations lndmodd dicri d th end

their ability to mal licy decisions. m.\ppm
Somcs Program’ Baagy Mum ppl:mon extends NASA

Earth and

for e P 1 : i N p.n_
ners to benchmark NASA research d derived from the

of hisecwic and b ioms and modes
neeb Mmmoﬂzmmmm

i) -c-dzm-,

Zacae and »
pacarwiens 4 4 iy J000 3 o Meied £ 3037 1330, MG anicaly

Sewoe MSA
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@ GEOSS: 1st Energy Demonstration

(hosted by Ecole des Mines de Paris)

Results of your request

SoDa:: Services for

Home About Overview Se

NASA SSE - Surface meteorolo and Solar Ene
National Aeronautics and Space Administration (NASA, USA)

You are here : Home / Eng Site latitude (positive means North) 45.390

Site longitude (positive means East) -75.910
Home Beginning date 1983-07-01
Access a Service Enddate 1993-01-01
Irradiance Daily mean of irradiance in W/m2 (-999 if no data)
SoDa Services in Short Irradiation Daily irradiation in Wh/m2 (-999 if no data)
Education-Lectures
Latest
Maps Daily means of'ldr;asdAlasn;Es in W/m2 from
LAUN! Month |Day [Irradiance (Irradiation
News | 1983 7 1 170 4080
1983 7 2 172 4130
We a 1983 7 3 195 4680
audien 1983 7 4 246 5920
Servict 1983 7 5 142 3410
visitors, more and more 1983 1 s 305 L
visits, more and more 1983 L 252 Szl
satisfied requests (see L9039 yl & 102 2470
statistics). 1983 7 9 348 8360
1983 7| 10 350 8410
1983 7| 11 125 3010
We launched a survey to 1983 7| 12 277 6670
know you better. The 1983 7| 13 320 7700
The ' analysis is cpmplete. 1983 7| 14 324 7780
provides an insight on| | Latest News 1983 7| 1S 260 6250
the heat wave that kills 1983 7| 16 317 7620
15,000  persons  in A new service for f 1983 7| 17 322 7730
France in August 2003. We offer a free ac 1983 7| 18 298 7170
More on this story. geographical coord 1983 71 o 243 56840
1983 71 20 321 7720
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SWERA 2: Renewable Resources
for Developing Nations

e USGS-led Solar and Wind

Energy Resource

ROSES Assessment
Proposal

Welcome To SWERA

® D H The SWERA website provides Informatien about solar and wind energy resources In thirteen partner countries around the world.
a a arc ’Ve, Products held In the SWERA archlve Include data on wind and solar energy potentlal, plus detalled country energy analyses. To
learn more about renewable energy In each country or the partner agencles, click on the map or the menu. SWERA Is a UNEP
(United Natlons Environment Programme) project with co-financing from GEF. The goal Is to provide solar and wind energy

US er In terfa ce assessments to potentlal Investors and the public to promote more effective use of alternative energy resources.

Now with the completion of the successful pllot project, SWERA Is belng expanded Into a full Programme offering resource
Information and mapping tools across the spectrum of renewable energy sources. All Information and tools can be found In one on-
at UNEP line location with a commeon user Interface... click here for more detalls.

G R i D /U S G S D> Participating Countries  \__ Participating Agencies  \ _ Associated Agencies

- NASA/POWER
role: supply
global data
parameters

z Click on a country or agency for more information
a
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SWERA 2: Guatemala Demonstration

B3 Microsoft Excel - P¥2000
G t l &rchivo Edicion Yer Insertar Formato Herramientas Datos VYentana ? | RETScreen
uatemala NEEa &R L EBE o £ 2 i @ - @,
Choose an Action: . =10 Sl < — oA
— H& | =/ Fixed
(_ Browse map = - - -
— — . . RETScreen” Solar Resource and System Load Calculation - Photovoltaic Project
&) Query time series
m Site Latitude and PV Array Orientation Estimate Notes/Range
Nearest location for weather data - Neuguen A 20 9 a eather Database
s Latitude of project location N | 158 -90.0 to 90.0
Select Layers to Display: PV array tracking mode - Fixed v|
H {Press CTRL for multiple selection) Slope of PV array ° 55,0 0.0t080.0
Land Use Azimuth of PV array i 1800 0.0t0180.0
C 40km Solar Concentrators (KWh/m2 /day)
" ANbLn Calaw PV IV AN Tama ™ T dauay Monthly I"pus
YN 40km CSR Plots
Fraction of  Monthly average Monthly Monthly average Monthly
month daily radiation average daily radiation solar
NREL CSR Solar Hodel Output, Cell Id = 225 used on horizontal temperature in plane of fraction
Latitude = 16,567 Longitude = -89, 0 surface EV amay ,
Month 0-1 (KWh/m*/d) °C) (KWh/m?/d) (%)
% 8 r January 1,00 430 205 153 13%
z L February 1,00 5,00 211 195 17%
I 9 6t March 1,00 5,80 225 294 25%
% L //—\_’_,,_,\v_,\ April 1,00 6,30 248 418 36%
o | /\/\/_—\ May 1,00 590 248 465 40%
m - | June 1,00 530 242 443 38%
2 > L July 1,00 5,30 230 432 3%
Q g | August 1,00 540 231 394 34%
bl ; ; ; i A i 5 i : i i i September 1,00 490 232 298 26%
= October 1,00 460 2256 213 18%
m Jan Feb Mar Apr May J:gni:l Aug Sep Oct Mov Dec Novernber 100 130 20 128 13%
December 1,00 390 212 148 13%
Data Annual Season of use
UG 2l Jan Feb Mar Apr May Jun Jul Aug Sep C Solar radiation (horizontal) MyWhim? 1,86 186
Solar radiation (tilted surface) MYWhim? 1,10 1,10
Temperature 214 21.8 23.0 249 252 250 240 242 243 2 Average temperature °C 27 227
Direct 36 47 54 53 43 32 33 35 29
Load Characteristics Estimate Notes/Range
Global 40 50 598 63 58 51 52 52 47 . application type -
Latitude Tilt 47 56 62 62 55 48 48 50 48 . Usedetailed load calculator? yesino
M Diffuse 19 19 20 23 26 27 27 25 25 I . I ] I I | |
Description AC/DC Solarload Load Hours of use Davs of use
4|4 » M} Intro £ Energy Model 3 Solar Resource & System Load { Cost Analysis { GHG &nalysis £ Financial Summary £ €
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Potential Future Energy Applications

Advanced Long-term Solar Mapping (NREL)
— Earth System Science models (ESSM): GMAO MERRA, GOCART
— Satellite-based: ISCCP B1U (w/ 8km pixels), TOVS-TOMS

Solar Energy Forecasting (NREL, SUNY)

— Earth System Science models (ESSM): GMAO forecasts
— Satellite-based: FLASHFIlux (for validation)

Building Targeting and Monitoring (NRCan)
— ESSM: GMAO operational assimilation
— Satellite-based: FLASHFIux

Building data sets for design (DOE, ASHRAE)

— ESSM: GMAO GEOS-4, MERRA, GOCART

— Satellite-based: GEWEX SRB

Load Forecasting (Battelle, Ventyx)

— ESSM: GMAO operational assimilation, forecasts; SPORT
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@Advanced Long-term Solar Mapping

Using newly archived ISCCP B1U and latest long-
term H20, O3, aerosol information develop long-
term solar maps at high resolution

@ NOAA Satellite and Information Service > National Climatic 9 NOAA Satellite and Information Service > National Climatic #

) . ' ' ) Data Center
National Environmental Satellite, Data, and Information Service (NESDIS) us. W'l"z?l"?l ccwe::ﬁ: National Environmental Satellite, Data, and Information Service (NESDIS) U.S. Department of Commerce

| Search NCDC I

| search NCDC |

Satellite Data > GIBBS > 1983 > July 01 Satellite Data > GIBBS > 2008 > April 10

July 01, 1983 15:00 UTC April 10,2008 15:00 UTC
Channel: Visible (~0.65um) Channel: Visible (~0.65um)
Satellite: GOES-5 Satellite: GOES-12

Jul-01-1983 15:00UTC
1963 182

ApE 51052008 14:45UTC TS
2008 101 ,. -
GOES-12 e ;

GOES-5

VSCHN
0.52-0.73 pum

VSCHN
0.53-0.77 pm
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Benchmaking Solar Forecasts

Vital for assessing potential large scale PV and/or
CSP production when integrating into into

traditional power grid
Multi-Model Solar
Irradiance Comparison GMAQO Solar Irradiance Forecast

70% ‘

!
GOODWIN CREEK

60% //,
_ 50% v
(J
S /
~ A
3 40% :
=
4
|§ """""""""" S G—— 2
E 30% R
| / e NDFDasrc same day
L NDFDasrc next day’
4 20% s NDFDaiSTC tw 0 daay
o e or7Or Satellite 3 . N
i ©ITOI PETSitel E
——— ECMWF-1-same day g0s g {8
---4- - - EOMWF-2-same day P
ECMWEF-1-next day b s 2 &
10% — EOMWF-2noxt day "t ol
60S . \ o
— ECMWF-1-tw o day s, S8 e, o ¥
------ EOMWF-2-tw o-day o
——+— WRF-GFS-same day 180 ) » .
+  WRF-GFS-next day 3 .
0% +— WRF-GFS-tw o-day a0
1
1 2 3 4
|
Persitence perio 1200 80U ) 80E 120E
D raft CO u rl esy Pe rez S l ' N Y 0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720 760 800 840 880 920 960
)
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Building Monitoring and Targeting

* Monitoring and Targeting: gaining and maintaining
control over energy consumption through measurement
and analysis followed by well-directed actions.

— Comparison between energy consumption and influencing
factors such as weather; establish and evaluate consumption
targets

— Purpose: energy cost savings for budgeting, evaluation of
enerqy efficiency upgrades, product/service costing

* NRCAN CETR RETScreen leading effort for newly
formed building monitoring and targeting program

— Need global near-real time (within 1 month) solar and
meteorological (l.e. heating degree day) data sets

— FLASHFIlux with operational GMAQO assimilation perfectly suited
by providing daily and monthly estimates of parameters
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Long-term Climate Information
For Building Design

Global Building Design Climate Zones Location Specific Traditional

(with ASHRAE and DOE) Architectural Comfort Zone
Design Charts (with AIA)
Psychrome_tr/:i.c Cl‘tl:art: Mo:thlyf avef:aged daily
min/max temperature for 1998
0. 02 100%7/ /
0.01l6 / L
9 40%
~1'80 —120 —60 0 60 120 180 E o o012
i 2 3 N 6 7 5 oy % Aug
4 uo Tul
Daily Avg{l"lin/l"lax Air.‘ Temperature S 0.008 : [/H:l oo 20%
M T e ]
Location 5 % ' ' ' ' o.oos |-l /
- gn o 25 [ —
Specific o ] T
Daily/Monthly £ s | it ‘“ f | o 5 10 15 dzo 25 30
- “\ Hw (W ’ \‘ — Temperature (deq C)
averaged |+l
Climate § - ! '7%’“'(\»‘ ‘r)ﬂ \{ il M i
Information | °| / vy "Iji | 30 Years Needed!
- Mar 1 Jun 1 Sep 1 Dec 1
Date
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Energy Load Forecasting

ROSES proposal w/ F R | h“r;l h 5 '
evaluation NASA long ‘e‘c{:enty ighlighted in Press!

: ; BUSINESES
and high resolutic

VIDEO MARKETS PERSONAL FINANCE

FOX TRANSLATOR ¥

Latest News

Tuesday, Apr. 8 2008
Project Explores Using NASA Earth Science Data for Enhanced
Utility Load Forecasting

Rated Not yet rated

Rate This Yrirdvdvdy Notrated | <} Recommend E-mail this Story | Respond to Editor | £ o

Washington

PR Newswire ‘ﬂ Digg It @ StumbleUpon Eahcws'.!'w @ Reddit

ldaho | M Airport Ground Station Comtex

{7} Spokane City Limits

" e New NASA Data Points COLUMBUS, Ohio, April 8, 2008,

2008 /PRNewswire-USNewswire via _
. VIEW ARCHIVES

COMTEX/ — Battelle leads project that

applies weather-related data to

energy usage

o.

Dby

[ 4

®  Spokane Intl L
Arport

Load Forecast MAPE

ADVERTISEMENTS

NASA and Battelle plan to save

consumers money on their electric

and gas bills. Using high-tech data

L Y made available from America's space

{ agency, Battelle will help utility

= companies better predict when energy
: supplies will be needed.

Degree Programs Online

Earn Your AA, BA, BS or MS Degree 100% Online. Find Out More
Now!

www.FloridaTechOnline.com

Refinance Rates at 4.6% FIXED!

Battelle recently won a three-year, $200,000 mortgage for under $599/mo. Flexible terms. Get 4 FREE
$640,000 contract from NASA that quotes now!
focuses on applying high-resolution, www.lendgo.com

weather-related Earth science data to
CO urtesy E_ Zeh key Systems used by energy utilities BUY A LINK HERE
for short-term load forecasting. Load
forecasting is required by energy
utilities to balance supply and load on the electric grid or to dispatch natural gas.
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@ Conclusions

Energy Management Program has and continues to
yield significant results for nation and international
programs through Science => Applications transfer

Successes involve supporting renewable energy and
enerqgy efficient technology optimization; thus are
relevant to identified priorities in climate change
mitigation and adaptation.

The model of success in this field has been long-term
partnerships featuring the development and
dissemination of specifically tailored data sets.

Data sets made available through web based
interfaces provide opportunities for new projects and
new partnerships
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